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By Welter Je Klinar
- - SUMMARY

A spin investipation has been conducted in the lLangley 20-foot
free-spinning tunnel on & 1/20~scale model of the Chance Vought
XFéU=1 airplane. The effects of control settings and movements upon
the erect and inverted spin and recovery oharacteristics of the model
were determined for the normalefighter comdition. The investigation
also included tests for the take=-off fighter condition (wing-tip
tanks plus fuel added) spin-recovery parachutes, and simulated pilot

e80ADE o .

In genoral, for the normalefighter condition, the model was
extreme ly oseillatory in roll, plitoh, and yawe The angles of the
fuselage varied from extremely flat to inverted attitudes, and the *
model rotated with the rudder in a serles of short turns and glides,
Recoveries by rudder reversal were rapid but the model would immediately
go into a gpin in the other directiomme. Recoveries by merely neutralizing
the rudder were satisfactory when the elevator and allerons were se%.
to neutral, the ensuing flight path being a steep giides Thus, it i%
recommended that all controls be neutralized for safe recovery from
epiuns obtained on the airplane.

With the external wingetip tanks instelled, the splns were some-
what less oscillatory in roll but recovery could not be obtained unless
full~down elsvator was used in conjunetion with the rudder. If s
spin is entersd inadvertently with the full-gcale airplane with
external wingetip tanks installed and if recovery is not imminent after
& regovery abttempt is made, it 1s recommended that the tanks be
Jjottineoned and the controls neutralized.

~S— UNCLASSIFIED
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Bither an B-foot tail or a 5-foot wing-tip spin-recovery
parachute (drag coefficient Q68 and0.77, respectively) is recommended
a5 an emergency spine-recovery device during demonstration spins.

If it should become necegsary to jump from the spinning airplane,
it appears that the outboard sids is the optimmm side from which the
pilot should attempt to eseaps. Because of the viclent oscillations
that will probably be encountered, however, it may be advisable to
ingtall a positive ejection mechanlsm for ths pllot to insure safe
€ BCaAPSe T

INTRODUCTION

In acoordance with a reguest of the Bureau of Aeronautics,
Navy Department, testswere performed in the Lengley 20-foot free-
spinning tunnel to determine the spin an& recovery characteristics
of a 1/20-scale model of the Chance -Vought XFOU-1 sirplene. The
airplane is a single-place, low-wing, jet fighter, end it 1s
equipped with slotted flaps which are extended for the cruising,
take-off, and landing condition. .

The erect spin and recovery characteristics of the model were
determined for the normal-fighter high-speed condition (flaps full
up, lending gear retracted) and for the normal-fighter cruising
condition ?flaps extended 4°, landing gear retracted). Investigations
were also conducted to determine the effects of installing external
fuel tenks at the wing tips. Brief tests were made with the center
of gravity moved forward and rearward of ths normal center-of-
gravity position. In addition, pllot-escape tests and tests to
determine the effect of emergency epin-recovery tall and wing-tip
parachutes were performed. Tests suggested by Chance-Vought with
. the model loaded to simulate a 2000-pound overload condition were
v'not oonsidered necessary, as it was felt that test results for this
loading would be similar to the results obtained for the normal-
fightor. loading.

SYMBOLS

b - wing span, feet

s - wing area, square fest

o

mean serodynamie chord

)
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IX' IY’ IZ

Ix = Iy
mb

Iy = IZ
mb?

Iz - Iy
mbe

. r-}'

EY )

R, 3

ratio of distance of center of gravity rearward of
leading edge of mean aerodynamic c¢hord to mean
aerodynemic chord

retio of distance between center of graviﬁy and thrust
line to mean aerodynamic chord {positive when center
of gravity is below thrust line)

-mags of alrplane, slugs

eir density, slug per cubic foot

- relative density of airplane (;Eg)

moments of inertia about X-, Y-, and Z-body axes, °
respectively, slug-feetl

inertia yawing-moment parameter

inertia réiling-moment parameter

insrtia pitching-moment parameter

engle between thrust line and vertical (approximately
equal to absolute value of angle of atiack at
plane of symmetry), degrees

angle hetween span axis and horizontel, degrees
full-scale true rate of descent, fest per second

full-soale aﬁgul&r velocity about spin axis, revolutions
per second

helix angle, engle between flight path and vertical,
degrees (For this model, the average absolute
value of the helix angle was approximately 3°,)

approximate angle of sideslip at center of gravity,

degrees (Sideslip is inward when the inner wing is
down by an amount greeter than the helix angle.)
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APPARATUS AND METHODS

The 1/20~scale model of the Chance-Vought XF6U-1 airplane was
furnished by the Bureau of Aeronautics, Navy Department, and was

.. prepared for testing by leangley. The model was cheoked for dimensional

accuracy and prepared for testing by the lengley Laboratory. A
three-view drawing of the model as tested in the high-speed oondition
is shown in figure 1. The dimensional characteristics of the alrvlane

are given in table I.

Photographs of the model for the normal-fighter high-speed and
cruising econditions are shown in figures 2 and %, respectively.
Figure li is a photograph of the model with the wing-tip fuel tanks
installed.

The model was ballasted with lead weights to obtain dynemiec
similarity to the airplane at an altitude of 15,000 feet (p= 0,00UG6
slug per cubic foot), The external fuel tanks (957 pounde each,
fully loaded, full scale) were independently ballested in order
that the proper change in mass distribution would be effected when
the external fuel tanks were instelleds A remote-ocontrol mechanism
wes installed in the model to actuate the ocantrols or open the
parachute for recovery tests, and also to release the pilot for
the emergency esofpe tests. Sufficient moments were exerted on the
eontrol surfaces during recovery tests to reverse the controls
fully and rapidly.

A L/éo-scale dummy model was built and ballasted at Langley
to revresent the pilot and parachute {200 pounds) at 15,000 feet.

Wind Tunnel and Testing Technigue

The model tests were performed in the Langley 20-foot free-
spinning tunnel, the operation of which is generally similar to the
described in reference 1 for the Langley 15-foot frce-spinning tunnel,
except that the model-launching technique has been ohanged. With
the controls set in the desired position, the model is launchsed by
hand with rotation into the vertically rising air stream. After a number
of turns in the established spin, recovery is attempted by moving one
or more controls by means of a remote-control mechanism. After
recovery, the model dives into a safety net. A photograph of the
model during a epin is shown in figure 5.

The data presented were determined by methods described in

reference 1 and have been converted to corresponding full-scale
valuese The turns for recovery are measured from the time the controls
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are moved, or the parachute is opened, to the time the spin rotation
ceases, Recovery in 2 turns or less has been adopted as the
eriterion for a satisfactory spin recovery for the model. For the
spins which had a rate of descent in excess of that which can
readily be attained in the tunnel, the rate of descent was recorded
es greater than the velocity at the time the model hit the safety
net, &s > 300. For thess tests, the recovery was attempted before
ths model reached its final steeper attitude and while the model
was s5ti1l descending in the tumel and such results are conservative.
For recovery ettempts in which the model struck the safety net
while it was still in a spin, the recovery was recorded as greater
than the number of turns from the time the controls were moved to
the time the model struck the net, as > 3. A > 3F-turn recovery
does not necessarily indicate an improvement over a > 7-turn
recoverys

Srin-tunnel tests are made to determine the spin and recovery
charectsristios of the model for the normal-spimming control configuw
ration {elevator full up, ailerons neutral, and rudder full with the
spin) and at various other aileron«elevator control combinations
including zero and maximum defleotions. Recovery is generally
attempted by rapid full rudder reversal. Tests are &lso performed
to evaluate the possible adverse effocts on recovery of small
deviations from the normal-control configuration for spimming.

For these tests, the ailerons are set at one-third of the full .
deflection in-the direction conducive to slowsr recoveries, and the-
elevator is generally set at two-thirds of its full-up deflection. .-
For this model, tests were performed with the eilerons one-third with
and one-third against the spin for the normel-fighter loading, as
it wus not obvicus whether ailerons partially deflected with or
against the spin would cause slower recoveries. For the takepoff
fighter loading, tests were performed with the aillerons one-third
with the spin. Recovery is usually attempted by rapidly reversing
the rudder from full with to two-thirds ageinst the spin. The
recovery characteristios of the model gre considered satisfastory
if recovery regquires no more than 2I:. turns.

The testing technique for determining the optimum size of, and
the towline length for, spin-recovery parachutes is described in
detail in reference 2, For the tail parachute tests, the parachute
pack and towline were attached to the model near the rear of the
fuselage below the horizontal tail on the inboard side of the
fuselage (right side of the fuselage in a right spin). As previously
mentioned, the parachute was opened for the recovery attempts by
actuating the remote-control mechanism. For the current spin-
recovery parachute tests, the towline lengths between the model
and the parachute was 35 feet when the parachute was attached at

S
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the taile Wing-tip parachutes were attached to the ouber wing tip
(left wing tip in a right spin). When the parachute was attached
to the wing tip, the towline length wae so adjusted that the
parachute would just clear the fuselage. In every case, the folded
parachute was placed on the fuselage or on ths wing is such a
position that it did not influence the steady spin before the
parachute was opened. It is recommended that for full-scale
wing=parachute installations, that the parachute be packed within
the airplene structure. All parachutes should be provided with a
positive means of ejection. For the current teswte, the controls
were not moved during recovery so recovery was due entirely to the
effect of opening the parachute. Flet-silk purachutes having a drag
coefficient of approximstely 0.77 for the wing-tip parachutes and
Qié8 for the tail parachutes (based upon the cenopy area measured
with the parsachute spread out flat on & flat surfdce) were used for
the spin-recovery parachute tests.

PRECISION

The model test results presented are believed to be the true
values given by the model within the following limits:

a degree e ® § @ #& ¢ & ® & & ¢ 4 " & & * S T ¢ e & O € ¢ v @ '1
Ff: degree S & 8 4 e ¢ T 8 ¢ & & &8 & & 8 s " & & = 8 ¢ v o 8 & @ tl
v. peroent Ll L ] - [ ] [ ] L] L} - . L] - . -« . L] L] L] L] L] L] - L] - . L L] a ts.
Ch PEreont o o ¢ o v s e et 2 e s s e L+ e v v o oe . . 2
r-l/h urn when obtalned from

. . J motion-picture records

Turn for recovery « « & ¢ o o o o o o o +l/é turn when obtained by

i visual estimate
A
The preceding limits may have been exceedsd for a large proportlon
of the epins in which it was difficult to control the model in the
tuanel beoause of the high rate of desoent or because of the wandering
or oscillatory nature of the spin.

' Comperison between model and eirplene spin results (references 1
end 3) indioates that spin-tunnel results are not alwnys in camplete
cgreemont with eirplane spin results. In general, the model spun
at a somewhat smaller angle of attack, at a somewhat higher rate
of .descent, and at from 5% to 10° more outward sideslip than did
the airplans. The comparison made in reference 3 for 20 airplanes
showed that 80 percent of the models predicted satisfactorily the
number of turms required for recovery from the spin for the aorrespcnding
airplanes and that 10 percent oversstimated and 10 percent under- \
estimated the number of turns required. Little can he stated about
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the precision of the pilot-escape tests as no comparable airplane
date are evailable. It is Pfelt, howsver, that if the durmy ovilot
is observed to clear all parts of the model by a large mergin after
being released, then the tests indicate that the pilot can safely

escape.

Because it is impracticable to ballast the model exaotly, and
because of the inadvertent dsmage to the model during tests, the
meesured weight and mass distribution of the XF&U-1 model varied from
the true scaled-down values within the following limits:

Weight, percent « + « « v o = ¢« « o ¢« + ¢« ¢ ¢« ¢ « « 1 low to 3 high
Center-of-gravity location,
percent G + + + « « « o + o . o 1 forward to 2 rearward ofnormel
Moments | Iy, percent .+ « « « « « s « o o o « o « o 1 low to Ly high
of : Iy, peroent < ¢ ¢« ¢ ¢ . 4« e 4 v o e o« + 2 low to 6 high
Inertia } IZ, peroent . .+ « o+ « o ¢ o o « « + + + 1 Jow to 6 high

The aceuracy of measuring the weight and the mass distribution
is believed to be within the féllowing limits:

.
-
-
a
.
»
-
.
.
-
.
-
.
-

Weigh‘b, percent « o 8 6 & & % & » s
Centsr~of~gravity looation, percent C o s v o = ¢ s o e s 8 04 T1
Moments of inertia, percent . . . . . P
Controls were set with an accursey of -1°.

TEST CONDITIONS

Testswere performed for the model conditions listed on
table II., The mess charaoteristics and mess parameters possible on
the airplans are. indicated on table III. The mass parameters for
the loadings possible on the XF6U-1 airplare, and for the loadings
tested on the model, are also shown in figure 6. As discussed in
- refgrence l, figure 6 can be used in predicting the relative
effectivencss of the controls on the recovery characteristics of the
mods 1.

The tall-dasmping power faotor was computed by the method
described in reference 5.
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The maximum control deflections used in the tests weret

v v s s« 20 right, 20 left
e v s e e e 25 up, 20 down
. ". s s & e 17 up, 17 ddwn

Rudder, degrees « « + «
Flevator, degrees . . . .
Ailerons, defrees v o « o

The inbermediate acontrol deflections used were:

Rudder, two~thirds defleoted, degrees « « « ¢« o « ¢ ¢ s o « « » « 13
Elevator, two-thirds up, degrees « « ¢« ¢ « s+ o « o« ¢« v o o« « « « 17
Elevetor, one-third down, degrees + « « v ¢ « « % « s ¢ ¢ o o o o T
Ailerons, one-third deflected, degrees . « . . « « . « 6 up, 6 down
Flaps, degrees (Cruising) « « ave o « o ¢ o ¢« o o « o s s o« L down

Tests were performed with variations in center-ocf-gravity
position in order to allow for the limits of accuracy of the computed
full-scale and model values and also to allow for any rearrangement
of loading that might lead to a spinning condition fram which recovery
might be slower than for the normal-fighter locading. The weight
and mags distribution were held approximately constant when the
center-of-gravity location was changed,

RESULTS AND DISCUSSION

The results of the spin tests of the model ere presented on
charts 1 to 6 and on table V. The model data are presented in terms
of the full-scale waluss for the airplane at a test altitude of
15,000 feet.

Preliminary tests of the model showed that recoveries from left
and right spins differed very little. Results are arbitrarily
presented in terms of equivalent right spins, that is, for the
airplane turning to the pilot!s right.

Normal-Fighter Loading

Bigh-speed condition.- The test results obtained with the
XPEU-1 model in the normal-fighter loading and high-speed condition
(flaps_end lending gear fully retraocted) are presented in chart 1.
The model loading condition is represented by point 1 on table III
and figure 6. For the normal-oontrol configuration for spimning
(elevator full up, ailerons neutral, and rudder full with the spin),
the model behaved as follows when the initial launching rotation
wa.s expended: the model bscame exoeedingly oscillatory in pitch,
yaw, and roll; the attitudes of the fuselage varied from extremely
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flat to inverted angles, and the wings oscillated through a wide
range; at times the model rollsd the sutboard wing down as it

glided & short distance, then, as it began turnirg to the right
again, the model would pick up the outboard wing and yaw the inboand
wing downward.(See fig. 7§} The vertical airspeed during this motion
varied from approximately 260 to. 292 feet per second (full scale).
Although recoveries by full rudder reversal were rapid, the model
ocoaesgionally began turning in the other direotion almost immedlately
after rudder reversal.(See fig. 8,) Neutralization of ths rudder
was not always sufficient to satisfactorily terminate the motion

for this control sonfiguration. For the control setting with both
the ailsrons and the elevator set to neutral, however, merely
neutralizing the rudder did give satisfactory recoveries and the
ensuing flight path after recovery wus & steep glide. On the basis
of these results, it is recommended that all contreols be neutralized
for safe recoveries from the spinning airplane,

When the ailerons were full against the spin and the elsvator
was full up, the motions of the model were as follows: When the
initiel spinning rotation to the right (imparted to the model on
launching) was expended, the model became increasingly oscillatory
in piteh, yaw, and roll until the outboard wing was yawed down
epproximately 90°; at this point the model rolled over on its back
to the left (in the direction of the aileron setting) and then
continued turning to the left in a ssries of ereoct and inverted
attitudes that appeered to be a left roll.{See fig. 9.) During this
motion the rudder remained fully deflected to the right (in the
dirsction of the original epin rotation)., Although the original
spin rotation was thus terminated, it is pogsible that the airplane
may encountsr the same motions experienced by the model for this
control setting, but neutralization of all controls should terminate
the motion rapidly.

Setting the ailerons to full with the spin, elevator full up,
resulted in a spin that was generally similar to the elevator-up,
aileron~-neutral spin.(See fig. 10.) Recovery by full rudder
reversal from this control setting was rapid, but usually resulted
in an inverted spin.(Sse fig, 11,) .

Cruising oonditipn.- Results obbtained for tests with the model
in the mormal-fighter loading and oruising condition (flaps L©
deflected and landing gear retractsd) are presented on chart 2.
Thess results were generally similar to those obtained for the
high-spesd condition.
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Center-of-Gravity Variation

Center of gravity 5 peroent mean aerodynamio chorg. . forward of |
normaY,- The results presented on ohart 3 Ghow the effects of moving
the center of gravity 5 percont of the mean aerodynamic chord
forward of the normel center-of-gravity position (obtained on the
eirplane by removal of the fuel in the rear tank and the oil),

These results were generally similar to those obtained for the normal
loading except that the oscillations encountered by the model

for the normel-spin control configuration (ailerons neutral, elevator
full up, and rudder full with the spin) were somewhat less violent
with the center of gravity moved forwerd. In addition, when the
ailerons were full against the spin and the elevator full up it

was posgsible to obtain a flat spin from which recovery by rudder
reversal was very slow.

Center of gravity, 20 percent mean aerodynamio chard rearward
of normal.~ Chart 1 shows the results obtained with the center of
gravity moved 20 percent of the mesan aerodynamic chord rearward of
the normal position. (This center-of-gravity position can be obtained
on the airplane by removal of the armamsnt, the fuel in the front
tank, and the navigation and miscellaneous equipment.} For this
loading, the oscillations appeared to be acoentusted and both aileron-
against snd aileron-neutral spins exhibited results similar to those
previously obteined only for the alleron-against spins for the normal-
fighter loading. The alleron~with spins were somewhat similar to
the corresponding aileron-with spins obteained for the normal-fighter
Joad ing.

Effeot of Installing External Wing-Tip Fuel Tanks

Teke-off fighter loading.- The test results obtained with the
fully-Toaded wing-tlp fuel tenks installed on the model to simulate
the teke-off flghber loading are presented on chart 5. This loading
is ropresented by point 2 on table III and figure 6. As is shown
"on chart 5, the spins were somewhat oseillatory in pitoh and yaw
and recovery by rudder reversal alone wes unsatisfactory. When the
rudder reversal was accompanied by full and simultsnecus reverszal
of the elevator, however, satisfactory reooveries were obtained.

In order to obtain an indication of the sensitivity of the model
to rudder and elevator movement during a recovery, recoveries were
attempted by simultaneously reversing the rudder to only two-thirds
ageinst the spin and the elevator to one-third down., The ailerons
were placed one~-third with the spin (in the direction conducive

to slow recoveries for this loading) the elevator was set full up,
and the ruddsr was placed full with the spin for these tests.

A
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An oscillatory spin wes obtained for this confrol setting and
recoveries were either satisfactory or umsatisfactory depending on
whether the model was in the steep or flat phese of the Ssocillation,
respectively. Thus, it appears that unsatisfactory recoverlies may
be obteined with the airplane in this loading unless special
provisions are made on the airplane to insure full elevator and
rudder reversal during the spin. Hence, if a spin is lnadvertently
encountered with the airplane in the take-off fighter loadlng, if
recovery does not arpear imminent after the normal manipulation of
the controls (reversal of the rudder followed approximately 1 turn
leter ty reversal of the slevator) it 1s rvoommended that the
following procedure be followed: jettison the wing-tip fuel tanks,
pull the stick full beeck and laterally neutral, set the rudder with
the spin, then briskly neutralize both rudder ard elevator.

Asymmetrioc loading with one empty and one full external wing-
tip fuel tank,~ Chance-VYought requested that tests be made to
determine the model spin characteristics with one full and one empty
wing-tic tank installed, Chart 5 shows the  results obtained with
the model loaded to simulate the airplane with a fully loaded outer
(left in a right spin) wing-tip fuel tank and an empty inner wing-
tip fuel tank (point 3 on table III and fig. 6). When the rudder
was fully reversed, the rccoveries wsre gensrally unsatisfactory
exnd were somewhat similar to those obtalned for the take-off fighter
loading. Unsatisfactory recoveries were also obtained by full
simulteneous reversal of rudder and elevator.

With the model loaded asymmetrically in the other direction
(full inner tank), the model wandered so badly that it could not
be maintained in the tumnel long enough to obtain any test data.

Based on the results obtained with the wing-tip tanks installed
on the model, jettisoning of the tanks as recommended Ffor the
take-off fighter condition is recammended for any loading condition
with external fuel tanks installed.

2000~Pound Owverload Condition

In order to simulate a condition of a general increase in
over-all weight which is normally encountered in the development
phase of new designs, it was suggested by Chance ¥ought that a
2000-round overload condition be simulated on the model, the radii
of gyration and the center of gravlty remaining the same as for the
normal-fighter loading. These tests were not conducted because
it appeared from the test results obtained with the normal loadings
that such en overload condition would affect recoveries very
slightly.
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Inverted Spins

The results obtained for the inverted spin tests are nresbnbed
on chert 6. The order used on the ohart for presenting the data for
inverted spins is defferernt from that used for erect spins. For
inverted spins, Y"controls crossed" (right rudder pedal forward and
stick to the pilot's left when the esirplane is spinning to the pllot's
right) for the developed svrin is plotted to the right of the chart
and "stick back" is plotted at the bottom. When the controls are
crossed in the developed spin, the ailerons aild the rolling motion;
when controls sre together, the ailsrons oppose the rolling motion.
The angle of wing tilt on the chart is given as up or down relative
to the ground.

Nearly all of the inverted spins obbeined were wandering and
oscillatory, but recovery by full rudder reversal from these spins
was geunerally satisfactory. As is indicated on the chart, the model
would not spnin inverted for several control settings, but would roll
over into an ereet spin. When the elevator and allerons were set to
neutral, merely neutralizing the rudder satisfactorlly terminsted
the snin, and, accordingly, it ig recommended all controls be
neutralized for reoovery froam any inverted spin obtaimed on the asirplane.

Svin-Recovery Parachutes

The results of tests performed with spin-recovery parachutes
attached to either the outboard wing tip of the model or to the tail
of the model are presented in table V. The model was in the normal-
loading for these tests.

With the spin-recovery parachute attached to the tail, the
results indicated that satisfactory recovery would be obtained by
opening an 8-foot (full-secale) diameter varachute with.35-foot
towline. Satisfacotry recovery was also obtained whsen a 5-foot
(full-soale) diemeter varachute attached to the outboard wing tip
of the model was opsned. As previously mentioned, the towline length
of parachute,attached to the wing tip was of such length that the
over-all extended length of parachute, shroud lines, and towline
Just cleared the fuselage,

Filot-Bscape Tests

The results of the pilot-escape tests indiocated that escape
from the spinning airplane could be made from the outboard side
(left side in & right soin) when the airplane is in the flat phase of
the oscillatory spin, but when the airnlane is in the steep phase
of the oscillation, there is danger of the pilot hitting .
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the leading edge of the outboard winge If, however, the pilot attempts
to escape from the inboard side of the spinning airplane, the results
of the model tests with the dummy pllot showed that he would hit the
leading edge of the outbosrd wing when the airplane is in a flat
attitude and that he would hit the stabilizer when the airplane is

In a stoep attitude. From these results, it appears that in an
emergency, the pilét should jump fram the outboard side during the
flat phass of the oscillatlion so that he may get under the outboard
wing immediately efter he leaves the airplane. Because of the
violent erratioc oseillations encountersd in ths spin, it may be
advisable to provide a positive ejeetion mechanism for the pilot

to insure safe escape from the spimming airplans.

Control Forces

The disoussion of the results so far has been baged on control
effectiveness alone without regard to the forces required to move
the controlse For all tests, sufficient force waes applied to the
controls to move them fully and rapidly. Sufficient force must be
applied to the airvlane controls to move them in & similer manner
in order for the model anrnd sirplane results to be comparable.

A hinge moment was applied to the rudder on the model equivalent
to & 150~pound, full-scale, rudder pedal force, and model tests
showed that this foroe would be sufficlent to insure satisfactory
recoverys This force is within the cepabilities of a pilot.

Becauss of the inertias, mass-balance effects, friotion effects,
and possible scale effects, these results are only a qualitative
indication of the actual force that may be experienced,.

Landing Condition

The landing condition (landing geer extended and flaps deflected 50°)
was not tesbted on the model inasmuch as current Navy specifications
require airplanes in the landing condition to demonstrate satisfactory
recovery ocharsoteristics from only l-turn.spins, Experience indiocates
that a spimming airplane is still in the incipient phase of the
epin et the end of 1 turn and recovery is usually resdlly obtained.

An anelysis of results of full-soele and model tests to
determine the effeot of flaps and landing gear indicates that the
XFéU-1 airplene will recover satisfactorily from a l-turn incipient
spin in the landing condition but that recoveries from fully
developed spins in the landing oondition may be unsatisfactory. It
is recommended therefore that the flaps be neutralized and recovery
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attempted immediately upon inedvertently entering a spin in the
landing condition in order to insure that trensition from the
incipient to the fully developsed spin doces not take place.

CONCLUSIONS AND RECOMMENDATIONS

Based upon the results of spin tests of a L/20—soale model of
the Chance-Vought XF6U-1 airplane, the following conclusions and
recommendations regarding the splin and recovery characteristics of
the airplene at 15,000 feet are made:

le For the normel fighter loading, .with the airplane in
either the cruising or high-speed configuration, the airplane will
be violently oscillatory in vpitch, yaw, and roll; reversing the
rudder will effect rapid recoveries but will probably oasuse the
airplane to begin. spinning in the other direction; neutralization
of all controls ls recammended for resovery because thia procedure
will terminate the spin, and the ensuing flight path after recovery
will be a steep glide.

2. Moving the center of gravity forward will tend to cause
the airplane to spin somewhat less viclently whereas moving the
vonter of gravity rearward will tend to accentuate the oscillations
in the spin.

3« For the take-off fighter loading, full elevator reversal
will probably be required in conjunction with rudder reversal to
insure satisfactory recovery. If recovery does not appear imminent
after a recovery attempt is made, the tanks should be jettisdned.

lie Satisfactory recoveries from inverted spins will be obtained
by neutralizing all controls.

5« A 5-foot wing parachute or an 8-foot tail parachute (drag
coefficient 0.77 and 0.68, respectively) will be effective for
emergency recoverics from demonstration spins.

6., If it is necessary for the pilot to abandon the spinning
airplane, he should attempt ¢scape from the outboard side during
the flat phase of the osolllation. Because of the erratic oscillatory
motion indicated for the airplane during the spin, it may be advisable
to provide positive ejaction mechanism for the pilot to insure
that he clsars the airplene.
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7. The rudder pedal foree required to effect a recovery
#ill probably be within the capabilities of the pilot.

Iangley Memorial Asronautical Laboratory
National Advisory Committee for Asronautics
Lengley Field, Va.
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DIMENSIONAL CHARACTERISTICS OF THE XP&U-1

Leng'bh,overa.ll,f‘t..----.-...

Normel weight, 1b .

Rormal center-of-gravity location,

Wing:
Spen, ft . . .

Area, 8g £t . . .

Seetion, root .
Section, tip « .

Root-chord incidence, de
Tip~chord inoidence, deg

fispect ratio . .

Sweepback of leading edge, deg
Dihedral of wing, deg + « o« » o«
Mean aserodynamic chord, ine . »

Leading edge ¢
Flaps:

L
L
L3
.

aft leading-edge

Total area, s8q ft « «

Meen chord, pergent of
Span, perocent of b/2

Ailerons:

Totel area, sqg ft « « «

Total area aft of hinge
Msan chord, percent of
Span, percent of h/é

Horizontal tail surfaces:

Total areca, sg ft « . .

Sp&n, t [

Vertloal tail surfaces:
Total area, sg £t
Total rudder area,
Distance from normal o.ge to rudder hinge line, ft . . . .

Tail~damping vower feotor

sq ft

. & e =

Llevetor area, sg £t
Distance from normal c.g. to elevator

T

TABLE I

ATRPLANE -
L] . L] L] - L] * - . - 32.83
¢ v ¢ A 4 & * 9 s 6 8 4 2 & ¢ & & 9025-2
parcen't [+ e ® o o ® o « o 51-05
e ¢ $ ¢ & 4 4 8 & F s2Psere & & & o 32¢$
€ ¢ s & & e ® & ¢ * 9 & 6 o+ s & ¢ . 205 .5
s 4 s 8 O ¢ s ® MCA 65(215) -1]-).[. (5. = .1)
¢ % ¢ 5 6 e 8 6 ¢ & NACA 651-212(& = 0.6)
g ® a2 ® & ¢ & 8 ¥ e @ € ¢ 5 s ° & € o 2-0
% ¢ * & ® & ® ¢ ¢ € © 8 & & ¢ s = -1-0
e ¢ & & & & 5 & T & & & e v v e e s 5.5
» 5 & & ¢ & = 9 ¥ s & & e LL.B).L
¢ % @& & 8 ¢ v B » 6 ® + e s ¢ LL
- L] L] ® ~l - . L] L] o a L] « * 77.5
rook chord, ine « o« « « » 6475
L I L L L 33 060
C o o » ¢ ¢ s & 9 ¢ 3 1 & 8 ¢ & o & 33. i
a & e & % T & & s & 3 + GV 3 W B & @€ 50-0
e ¢ & § ® e & & & & & ® &8 v & v e & 200]40
}.ine, 8q FL ¢« ¢ 2 ¢ o 8 ¢ o o ¢ o lL[.- 20
5 " ¢ & @ s & 3 & € & 6 8 & s e 2 ¢5
" @ ¢ 6 5 » + & e e 4 + ¢ ¢ & & & @ 36. 1
« & ¢ & & e o L] e & a ¢« & ® & & ¢ 8 L[-sta
¢ ® & @ W 9 s & s ¢ & ® & s 8 s s l’-‘.t;
® & ¢ e ¢ o s 5 & & e € & & 2 s s 15.0
hinge line, ft . . . 16.19
L] - * . L] L ] L] L L] L] - - . L] L] L L] L] 26.&
e s & o e o a o * & ® & & s & . 9.Ll.
16.51
* & o 8 P & 8 ¢ 2 & & & o o 803 x 10-6

MATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE 'IT.- CONDITIONS TESTED 'ON THE 1/20-SCALE MODEL OF

THE CEHANCE VOUGHT XF6U-1 AIRPLANE

g e

"Cockpit closed; landing gear retracted;

spine to the pilot's righ@j

.Data presented!

Type ; Flap liethod employed in
of , Loading . position recovery attempt
spin H : :
- * .__-__._g___.___.. ————
Breot . Normal i Retracted Rudder reversal.and .
fighter ! rudder neutralisation -
! S i :
i - 1 . L© deflected E
Ereot - f?rii - . (oruising | Rudder reversal :
. LEOTEr i getting) | f
1 x - :
: !
. Center of | :
- gravity 5 | L .
Erect . percent o E Retractedq ! Rudder reversal :
: forward : ‘ !
, Center of ;
' gravity 20 | : '
Brect percent & | Retracted | Rudder reversal i
. rearward { . f
| Take=off f ;
! Pighter : ;
* (full wing—f . Rudder reversal and :
Erect . tip fuel i Retracted . simultaneous rudder and.
C iamks 1 ' elevator reversael '
, instelled) . ; ;
: Kormal ! 5
© Pighter !
' with full { t
. outer and : '
Erect | ompty . Retracted . Rudder reversal |
‘  inpmer ! ! - :
wing-tip oo i
. fuel tanks ' l
: Norma 1l ‘ iRudder reversal and :
}Invertedifighter i Retracted .rudder neutralization |
! : i !
{ Normal X "Teil and wing-tip
Erect Lfighter ‘ Rgtracted perachutes

Chart 1

Chart 2

Chart 3

Charé L

Chart &

Chart 5

Chert 6

Tabhle V

-5

f

— e =

it i e —y ——

-

L D

—r— s e —

NATIONAL ADVISORY
COYMITTER FOR AERONAUTICS
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TANE ITT.- IOADINGS OF THE IFGU-1 AIRPLANE
Velgit E‘,Ezt;wr_::;m Momente of Insxtia Mesp Parsswters
X, Londtng (1) Ir Ty I, - | L-L 1 L-4) #
- - G 2 des
xfE Y] (slug ) (elug £49) (slug-1t~} Y e o2 el 15,000 £+

1 |Normel fighter 9,025.2 [0.310 |0.076 3,015 | 1,766 | 14,587 |-2%8x 1093 x 10-%{3m1 x 0 17.63 | 28.00
2 |Pake-off fightar (Dormal-

wing-td nuluiguﬁu

»

inetalled) 10,939.2| 327 | -.0658 21,022 | 12,142 | 3,5k | 2k 540 20% £1.38 | 33.95
3 |Bormal fighter vith one

foll wing-4ip tank and e

sagty ving-tip tank 10,009.2 .32 | -.0697 13,50 | 1,992 | 2h,33 | 6 ~363 319 19.73 | .38
& | Conter of gravity 5 pex- .

osat & forved of normal B,o78.7| 2% | -.0%8 3,5k | 1,328 | b,k | -27h -10% 319 .79 | 2512
% | Couter of grevity 23 per-

cant § rearwerd of nomal 6,73.5| 526 | -.066 3,85 9,5T7 18,436 | ~2%h =126 30 13.20 20.99
6 | Foel and armsmont removed

from norml Tighter = 848,81 471 | -.0h0 3,70k 9,478 12,h63 | 296 -1 hy8 11.k3 18.18
7 | Fuel removed from norsal

rightar 6o 315 | -.0% 3,0 10,9%0 13,911 | -317 -1 L48 13.23 | 21.05
B Aremenit Temoved from

norwal fighter B,103.3] .= | -.086 3,925 10,383 13,21% | -238 -104 f) 15.8 | 25.20

*ON WY VDVN
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TABLE IV.~ WEIGHT, CENTER-OF-GRAVITY LOCATION, AND INERTIA MASS
PARAMETERS OF THE XF6U-1 AIRFLANE AND OF THE 1/20-SCALE

MODEL IN THE NCORMAL LOADIKG

EMoments of inertia &bout center of gravity, model values converted to
corresponding full-scale values:

o s e = e | s e
i i - | ¥inimum model ; Maximum model
! i Alrplane values | values during | values daring
!L_ L f i vest test
Nass (slugs) | 280.3 277.5 287.9
;-‘ .
Iy (slugsft?)- 3,975 3,946 L, 133
i
Iy (slug-£t2). 11,766 ; 11, 685 12,266
: :
1, (slug-f‘ta)f 1,,587 14,543 15,265
1
Zo I8 a0k ~258 i -255 -262
mb i i
Iy - Ig I
—52 x 10l ; -93 | -89 ~97
o | |
- Ix hod
104 ¢ 1
3 X | 35 3L8 359
i ;
x/a % 0.31 0430 0.33
I Z/.G- % -0 076 - 0.06&. - 0-076
p sea level : 17.65 17.47 18,12
p 15,000 f£& i 28.00 ] 27.78 28.82

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE V.- SPIN-RECOVERY PARACHUTE DATA OBTAINED WITE
THE 1/20-SCALE ¥ODEL OF THE XF6U-1 AIRPLANE

Lyormal loading, recovery attempted by opening the pearachute with the
rudder full with the spin; right erect spinsg]

-y

1

; Parechute Towline length E Turns for recovery from elevatord
' diemeter (£%) i up, ailercn-neutral N
' (£%) i spins 7'5_269 to 292 fps |
E Tail paraohutes (cp = 0. 68) ’
 —
; 10.0 . I 1,31, 1 !
; 35 f LL’ )_I-’ 2 I
i . 11 i
- vE |
l 8.0 35,0 | 2ol G2 |
' i
‘ 7.0 35.0 l >1L, >2, >2 |

] S ]
; Wing-tzp parachutes ch = 0.77) i
‘ . - —— — .- -

8.0 1
7.0 i1
i 2

i 6-2 M .;., -Jb, l
! 2 2 2
| 5.0 1,13
§ 2 24
i 3
; 3.3 i ; 1%, 2, >1-1:, >2—1-
13 i

D e e

a'The lengtn of the towline for the wing-tip parachubtes was such that
the over-all extended length of parachute, shroud lines, and

f  +towline was avproximately equal o the distance from the wing
tip to the fuselage. _

NATIONAL ADVISCRY
COMMITTEE FOR AERONAUTICS
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SEANDE TOWCRT XPGS-1 AYRSLANE 1N TAC KIN-APRSD CONMIYION

3 st yoAder Tevecsal tuioatsd from and sbamdy spin data Eresented fre, reddar-Culls
[wmrﬂ fmjummmﬂm )1 recovery sttespted by repid full axouph an {reoovary aieuphbed 2

04 Hpre 10, widely in pitab, yex, ami
[ 9. Fodel beoomss Smervaningly oaelllnbory Bes figre 7. Ovaillates widsly in piteh, yuw, and rall. redl, |Ettitudem
EEmETE  [Eariaanm| | LR
foes .
.lm‘w » %a- e " ﬂ:unqmng-um,umumw. Yortlosl
valooltyt tol&l-
—_ mm*rim-:mlnmmm,—nw 1 Goso fmka an dvwsrted apn, mes Sgere 11,
1 Glidep owh, Wedtwary attumpisd before moda) N
in attiinds, 2 Mmogvers in a glide
Foutealixing g:ﬁnMrﬂmnq—m L
{ . y
Oacillates widaly 13 piish, yuwy wxl rall. ulldes ior
| Moiel besomms inereaiogly secillstory in pitch, yas, | chort, distarcas as 1t plicbes oowe ward, then plisius I
and rtl 1l siboird wing 15 yoved down appreeisetaly mosh dowowrd aguin a1 1% tarne o the ripht, Vertlosl
| 90 degrass, and tham mofal goes ks n left rell I I . |
I I fudder rewcrsad &) fons Lobo & apin in the other & l
1o twe-tlirds
gl £ mides oot
| | ‘“'mioouzm_uunm-m |
| | |
Eodel beaomes imarsexivgly eaoitlatory in pitsh, Caatllatas widely in pdtoh ad rall, dbbitules of whip, Inboard
mmwmn.ummmﬁ lage sy from. o {’Ehuumham. Ab Biaon B ?&mmmm
nakaly 90 degress, and theu modeld goas inte a lef% kinss model shaet: tghanoss as it rolls owibomrd r 300,
wing dom, turne right apain, Yerkiosl velocityiRS).
Pl rlder i,ihliﬂllﬂlhthf‘lhrﬂmﬁm 1 Oos into mm dxveried spin, (Yiswl eetimste)

%mmnmm

Futealistog 3, 2 Misem ot
reddar

in pitah, por, aml 8 wlth
cria, e ;ﬁmﬂﬁ Terbionl -w-mm

Goes vk sn mvaried spds,
Enoovery sbiespted befere model It im Sl Fheep
! attdimds
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of (rubler with the mpn),
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ﬂrmﬂcumamml-

-
2099688

*CeN WH VOVN

LGH91



(24111
»
[ ]
L1 ]
L
»
a2
[ T1 1]

OART P.~ SFTH AND NEOOVERY CMARACTENIS?IOS OF TEE 25-BOALE MOOTL OF TAE OANOE VOUGR? XPE0-1 AINFLANT
IN THE GNITSINE GONDITXON
lmurmmm t 1 on tabls III and figure 6) nqln:wl- nmun 14 full rydiar rever
£ e (\Toivery mmvsapted Trom: st stentyiepin A LAt Tpinl Fight sreat spink
Gaoillpten widely in pitoh, yaw, snd roll, Asti-
Wodal Lesomes ingly aeolllatery in piteh, Osslllates widely in DLteD, yaw, apd rell. Afti-
m.nudwugrn“uhu:ﬂmm adnuﬁ uﬂnotmmpvmtmviuﬂnlomp mn.ummrm'm%h““
509, and thea modal gose iWto ﬁ:-hnﬂxum::mnﬁ-mamuu m‘ﬂgnm.MMWw

. or. again, Tertical valesity: 23 o £32, . Sgais. Vartioal'velosltyt 5.

3 Goem 1a%0 u apan 3u the otber direstion,
1 Goss 1nto an inxversed epis.

T -
T
| [Hoel Descmss increaringly oesillatory in plval I OhiTiates wiAesly 1 pitch, paw, and roll. Attl |
| 7o, and Toll £1 Mhu:'wl-sum-{"wi | Yo of faaslagy vy from DY o daverted |
] 1y 90%, and then modsl gues into & |_ anglén, s ahort " 1.1-5‘ |
f T v § %o mto & pus, :
l apalinst the Goaw 1aba
H | i $ il e e |
] | |
w widaly in piush sl ¥oll, AN
Tude of Dume "a“ e vazy T1aC ¥ daveeted
Mhu-:ugm r:.uu“ “:;' into
. .
Vartical veloeity: w

¥ Ocbs 1510 & apln 18 oRur direstion,
; foss insa a Atye, .

Eodal Dedomey oagillatary “nﬁ‘i.b'lh

=
-

Q
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P

3

HATTOMAL ARVREDARY

Lagend COMMITTER FOR AERCBLNTICE -

o

-

Deasriptich of stéady spin (rudder with She spl),
w.- fullapoale velotitliss given in feed

af e far rasevary and
Gnd tlom of
m"P Wﬁumunﬂm
mleas Andicated mm.u

AZHO1




M}.-nnmmmmmwm

GENTER OF GRAVIYY NOVED FIVE FERGENT NEAN ANROOTMANID ORORD FONMARD

KODEL OF THE JHARCE YODORY XPGU-1 AIRFLARE WYTR

[Benter of 11y ri mean werodymenis shord fopward of pormal (potwd ¥ on table ILI and .gu-él; 21ape tully
Tatrao .ri .tt-:nd by full rusder revarsal sxospd ps indisated (recovery attempt md stoaly-
spin d.-n predsated for, rulder-rull-with ins); right srect lpmfl.
[1 Nodel cesillates in piteb ol Dmn-tn nug 1n pitah, yaw, mtd roll, Nodal
e data v Opollintes Widaly in piveh , and ltmul as 1t ralls left wing
A R e B |5 |~ phr, o a5 T, S, oning Tk e
19¢ roll for shis sentrol setiing. ), Y 306,

B Goss ixto s dive (ylwmml sstlwase),

1 Qons into a Aive,
1} Goss 1nto & MplD 1n other direchicn,

b} o 1t0 & spin in the other Alreetica,

T H . [
] T I Geailiaten WiAely 33 piteh, yaw, and jull, Noasd| !
Ouoi1lnbag widely int plieh, ww, aod alord dlatanses wa it rells left wing |
l roll, ( varte K right agatn.
I s 0.9 —f - — ]
P et 1 Goss into & Q21ds, i tes, |
I rﬂn\ul ta % Goes iNto & spin in owr i ‘l imto :i:-ug. they direstics |
i .pm: the spin dirsation, | |
i I |
Node] Deoowes lullg ossillatory 3o plteh, Ogeillates widely mlzm. oM, sud yoll, Model
yaw, aod rall €111 Doard wing goss inso shopt glidss snd then atarta
E: . u::tlcu -l t [~ %0 the right sgain. Verilosl velooity| .
1 Goes lnte n spin in the other divsetlon,
1 #oes ipto g dive,
¥ ! H
11)atas widely 1n pitah, yay, and roll, A%
Tinas molel ski0s chwwasd o0 Kie outhortd vizg s1a
N starts purnlag to she »ight agein, Verk
valooityt .
}, 1 Soss 1nto a Alve,
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M':rﬂl‘pm nth aly spin (naue
mu-uu:" itlan um in
faat par M
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apd thed model guss into a laft roll,

L] ]
o 020" T
. ea & @ 3
N » eae .
. & & »
LI T BT ] L) [T
wn-l.-.nnmmmmmnmum*.wmwmmmnmqmum
OEFTIA OF GRAVIIY NOVED 20 FIROCET NEAN AKRODYNANIC ORORD REARNARD
of ity 20 t mean sarodynanic ghord rearward of sorsal (poimt 3 onm table III ama r! 6); 11, traeted;
D.::::v E::; :’IdE 14 full redder SXOMpt ad 1ndlcated (yesovyary attempted from, m;rhh m-“ntnd
mr.ﬂ.ﬂn—ﬁ!«t ); right ervot .
Rodal becomes umunﬁrlgﬂlmtm IML:J.’R:-- 1“::1 osolllatory hnm.:: ia pitoeh an model,
in pitel, yww, ro. o y JOiF, [ 1] oA W redius spini wings
spprexisaye wing 19 yawed down approximate)y 50° saillsd and dowe .
A and them model goas intd a left rall) Vet salbyr 2AO.

$pa-
s 15
FH.
Modsl besowss inoreasingly tllat Nodel besome onsillatory
g o 5 Y
;¥
goos Loka & Tega rotl! and' then Rodal goes ioto & left rell]
Alarens full sgainek Allerops fall with
{8v1ak lers) (Bsink right)

Lagemd

é.& Gres 1ndo & TIEHE roll,

T T e, T
» » ovar t
the lafs mdmtqmr%t F o
again. Vertiosl, velsalty B,

# § Goes luko ax doverted span,
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CHART 5.~ BPIN AND RECOVFRY CHARACTERISTICS OF THE

WING=T

BOALE NODEL OF THE CHARCE YOUGHT XFGU-) AIRPLARE WITH
FUEL TANKS IHSTALLED

[Losding as imdionted; flaps fully retraoted; recovery atteaptsd by full ruder revarsal exospt as indisated {recovary nktempted from,
and stesdy-spin data presented for, ruodder-full-with spins); right ereot apluis]

, full and 1aft fuel Yull left t 1ed
R ORI I T ™ | At S A g e e
&b F, _ a b r a a
90| | 37 [120 10 xy
2? g ?3 up 53| 90 2: 113 % 50 E W7D 56 (&0
241 (0,30 238 10,33 | | ovs a5 213 |oJh 223 a32 | (223 0.3 | [220 0.
o2 | lef e IR y, % % 2% |[er or 2,
1, 5 L2}
Etl:;_:.'g.an1 | 7 _J otl"nrlé “'I».“SE ofhur‘ 3.7 3 X
] g? agln
o = [
LI L
- a a ab a a & E
g 1 g gg e ;g 0 [T 223 B | o 35 ﬁ'g
Allerans Allsrons " [ U :
full with '
235 1036 [ (saox 105} | 226 |05 [ (staek rignt) | 242 .34 220 036 210 0,35 >
>2, 52 >3, 73 22, > 2, 3 of %
k-
e
&d
528 gé’é
abg X ab . . " ; M
-] ] ] 1 2 ]o 180
25 g 5’3 % lob ) JeU T0 zpl E 1D
2 |03 238 0.5 249 |06 R5Y 289 23 a3
a5d
]i‘, 2 )2&,7& P22 »3 L Ei- 2&' JE a;- g}
R0g0111at range arage val . NATIONAL ABVISORY
bv.ﬁa.m‘"’-'pﬁf" - IV COMMTTEE FOR AERORMUTICS .~ )
ery attmpted by simultensons full reversal of rudder and slsvator. Modal valuss {dog ] | fdeg]
ey htmet 1y S ereon el of ober S0 23 puint oy st SorTod i |
? olwgor to 1/3 dowm, ::{i‘f:ggﬂlghuu. ttpe) | trpa)
U inner winog up Turne for

Qoas into an invertsd spln on reqovary,

A% &In a21it40n to the spin presented, molel alao stopped spioning withous peversing the

m"i

D lmner wing down

regovary

*ON WY VYOVN

42ZHG




CHARY §,- THVERTED EPIN AND REOOVERY CAURACTENISPIOS OF HIE pleeS0ALE NOURL OF THE (ONGE YODOAT XFSD-), ATAFLARE

figurs 6); Claps Milly retracted; mvm.n
-nwlm.n data ;t,»nmhﬂ fo:-. ruﬂcr-ml.
o) forward for recovery

ﬁomnmn

loading ant 1 on tabls IIX snd
{pe ttemptod from, snd

pﬂn'l irlpt‘p-:rgr:ud durAng stesdy spin, left Tuddsr pedal mov

\{. 34 full rudder revarsnl,
ﬂ a); modal rotatisa to the

Bl doea not remain 1p an 2
i, Wt rolls over into an
spin {rodder with the ml

nrsrted
ersot

pl.' n° o #7". ¢ 11% to 1°D;
296; . 4+ 0.50
o-ol.u-m -uum; 18 pitah.

Iil,lk fall right

},k Gouss into a spin in the other
direotion.

Noigl dsss pot fesaln 18 a8 inverted
.pln, but rolle over nw R areol
in (rpdder with the spin},

" {Gontrols tagether)

b ; G13dem owt inyerted

 }

uﬁ:
l o

Hodsl ozalliptms in p ah nﬂ.
wndars hﬂy. u
the turaing !.OII-
valoolty: 303,

Osoillates w.ldn].y in pitoh and and
wanders, Goss :.nlnrdm-t ,rud
glidea an 3% nlu outbaprd wind
then turna with the rudder. Asti-
teddn of funelage vary fro@ modern!
staep inverted to stesp sreot m;l.
VYertionl valocikyt 300,

{\ Gosa iato an erse’. epim,

Btiak-fal) left

12ates widely in pitch apd ymw and

vanders. Tuming motion hss a Whip
%ta Af, ASNAtmise of fmee n:q
from wod mul.v stesp Love

steap sTech 1ee, Yaptiocal
yeloaity) i

iter 1 Oowr Into a aive,
révaracl é Gn-l inta lp.l.n in nmJ

mmu }, } m‘nu areet

3t1ex
.“_“E_

Nodal dass not remain in
spin, but mlls over um
spin (rodder with the spin).

a8 igvarted
oreot

(Oontirols mludl

i Gos#s into an erect splin.

“.1!.0: with a Itl!u“

Mlmfl“mit b £ ]

1, 1} Goss 25%0 an erect apin,

NATIONAL ADVISDRY

COmMTTEE Fik ADMRLWTICE

_ Lageat

o [ e

moreaponding, L
seale valws, Rusber of tupd ".E

U isasr WiRng sp desoriphion :ftglg‘% :nf:"

I inner wiag dowm

A

othurwise.

*oN WY VOVN

4SHOT




NACA RM No. L6H27

W
858
] 9"
2,3;2” 7 ! ' =T 157
EL EVATOR HINGE—/ (U
LINE
on”

AILERON HINGE
LINE

-

SQOX% CHORD LINEy  _

1
( 6.08"

4

18.42"

W.L.,3.I27

RUDDER HINGE

o
30— LINE

6!
e
|

] 5.34"

FIGURE |. ~ DRAWING OF THE #5—SCALE MODEL OF THE CHANCE=\OUGHTXFEU = AIRPLANE
TESTED IN THE FREE-SPINNING TUNNEL .CENTER OF GRAVITY INDICATED FOR NORMAL

FIGHTER LOADING.

AT

/



[ 4
(A1 XL L]
F . [ ]

4 6@
e @ L

[
tasees
L) L

NACA RM No. L6H27

n

NACA LMAIL 47609

Figure 2.- Photograph of the E&;-scale model of the

ChanceQVought XF6U-1 airplane in the high-speed
condition (flaps and landing gear retracted).

NATIONAL ADVISORY GOMMITTEE FOR AERQONAUTICS

w LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA.
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Figure 3.- Photograph of the Ei;-scale model of the

Chance~Vought XF6U-1 airplane in the cruising con-
dition (flaps extended 4 degrees and landing gear

retracted). NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA.
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Figure 4.- Photograph of a Ei;-scale model of the

Chance-Vought XF6U-1 airplane with the wing-tip
fuel tanks installed.

m NATIONAL ADVISORY COMMTTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY ~ LANGLEY FIELD. VA,
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1
Figure 5.- Photograph showing the Ei;—scale model of the

Chance-Vought XF6U-1 airplane spinning in the 20-foot
free-spinning tunnel.

NATIONAL ADVISORY GOMMITTEE FOR AEROMAUTICS

LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA. m
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Figure 7.- Typlcal motion of a —3—-sca1e model of the XF6U-1 airplane

with ailerons neutral,

20
elevator full up, and rudder full with the

spin. Normal fighter loading. 32 frames per second.

NATIONAL ADVISORY GOMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERCNAUTICAL LABORATORY - LANGLEY FIELD. VA. m
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Figure 7.~ Continued.
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Figure 7.- Concluded.

NATIGNAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA.
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Figure 8.- Typilceael motion of a ?éy-scale model of the XF6U-1 airplane

during a recovery with the allerons neutral and the elevator full
up. Normal fighter loading. 32 frames per second.
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Figure 8.- Concluded.

WATIOXKAL ADVISOAY COMKITTEE FOR ARROKAUTICS
LANOLEY MEMORIAL ABRONAUTICAL LABGRATORY - LANGLEY FIELS, Yi.




NACA RM No. L6H27

|

# ‘
‘ill‘l""l‘fv

>
>
-
9
«
n

*

:atisn t3 rignt cnlzu and maiel bapine
turning ta the left (rulder not raverssd)

>
'S
-
[ 9
«
L]

Figure 9.~ Typical motion of a ?i;-scale model of the XF8U-1 airplane

with ailerons full against the spin, elevator full up, and rudder full
with the spin. Normal fighter loading. 64 frames per second.
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- Figure 9.- Concluded.
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Figure 10.~ Typical motion of a ?iy-scale model of the XF68U-1 airplane

with ailerons full with the spin, elevator full up, and rudder full
with the spin. Normal fighter loading. 64 frames per second.
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Figure 10.- Continued.
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Flgure 10.- Concluded.
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Figure 11.- Typical motion of &« ?i;-scale model of the XF6U-1 airplane

during a recovery with the ailerons full with the spin and the ele-
vator full up. Normal fighter loading. 64 frames per second.
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